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In  earlier papers  of  this  series  an  ordinary or  spontaneous  epi- 
demiO of mouse typhoid and an artificially induced outbreak  ~ of the 
same disease have been described.  The purpose of the present paper  8 
is to consider more minutely the effect of bringing a healthy stock of 
mice into a  community in which mouse typhoid is prevailing.  The 
essential fact that such an addition of healthy  mice leads to the transfer 
of the infection from the old population to the new comers, and  the 
gross mortality figures thus resulting  ~ have  been pointed  out.  But 
the maimer of the spread of the disease from the old to the new, and 
the reaction or effect of the revived epidemic on the old and previously 
surviving individuals, need to be dealt with in detail. 
Method. 
Three  series  of  100  mice  each  were  assembled  separately.  The 
first, Series K, was used to start the outbreak by placing in it 10 mice 
which had been fed with living cultures, while the other two, Series 
L and M, were isolated to be brought 30 days Inter into contiguity with 
the first.  After the three series had been brought together the infec- 
tion spread,  resulting in an outbreak which then subsided  to  a  low 
ebb  in  which no  deaths  occurred for  1  week.  Other  new healthy 
mice were then introduced to bring the total number up to the original 
strength. 
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After  the  new  wave  thus excited had  receded,  it became  the  rule 
to  recruit again, by the introduction  of  healthy  mice.  Twelve  such 
replacements  were  made  during  the  period  covered  by  this  report. 
EXPER IME.NTAL. 
Exciting  the  Epidemic. 
Experiment 1.--Series K:  May 1,  1920.  100 healthy mice were assembled in 
20 cages of 5 each.  May 3.  1 mouse found dead; no B. typhi murium detected. 
May 13.  Second mouse found dead and B. typhi murium isolated from feces.  4 
May 20.  As no further deaths occurred, there were placed, midway in the series, 
2 cages of 5 mice each, which had been fed during 24 hours on milk containing a 
suspension of B. typhi murium.  It is estimated that each of the 10 mice received 
about 1:20 of an 18 hour agar slant culture.  During the next 23 days 12 deaths 
occurred from mouse typhoid, 6 among the 10 fed and 6 among  the 100  contact 
mice.  The last of these deaths occurred on June 21, on which date Series L  and 
M were brought into the room containing the infected Series K. 
Series L:  100  mice had been assembled also on  May  1.  Between this date 
and June 21, 3 of the mice had died, and B. typhi murium  5 had been recovered 
from the spleen and feces in each instance.  4  On June 21  the 20 cages of Series 
L  were placed in a row immediately adjoining those of Series K. 
Series M:  This series,  6 numbering 100 mice, had also been assembled on May t. 
Between that date and June 21, when the 20 cages were brought into the room 
with infected Series K  and placed immediately next the cages of Series L, 3 mice 
had died, and B. typhi murlum  5 had been obtained from the spleen and feces of 
each .4 
It  is  shown  in  Text-fig.  1  that  the  fatalities in  Series K  resulting 
from  contact with  the  fed  mice  were  very  low--6  per cent.  With- 
4 Cultures from the spleen and gall bladder were negative.  Three deaths from 
mouse typhoid occurred in each of the other two series, L and M, before exposure 
to the experimental infection.  All came from the same stock of about 3,000 mice 
among which there occurred 6 deaths from mouse typhoid during the spring of 
1920.  It is presumed that in assembling the series one or more carriers was in- 
cluded.  However, the series were for this reason kept isolated for 20 to 30 days 
before the experiment was begun. 
5 At this time the differences in Mouse Typhoid I  and Mouse Typhoid n  were 
not known. 
6 Series L and M were identical.  The former was contiguous with Series K and 
the latter 20 cages removed from Series K, but contiguous with Series L.  These 
two series are kept separate in order to observe the effect of distance from the 
source of infection on the manner of spread, and also for convenience in keeping 
records. HAROLD  L.  AMOSS  47 
in 5 days after Series L  and M  were brought in, 6 deaths occurred in 
Series L and 9 in Series M, a total of 15; and in the next 5 day period 
a total of 19 deaths occurred in the two series.  No deaths occurred in 
Series K  during the first 5 day period and only 1 death in the second 
5 day period. 
The immediate result, then, of  the introduction of normal animals 
was an outbreak among those micebrought in, whereas deaths in Series 
K  did not increase until during the third 5 day period.  The epidemic 
progressed in a succession of waves in each of the three series.  In the 
like  Series L  and  M,  the waves were synchronous throughout the 
period, and the crests were lower and the intervals between greater 
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T~xT-FIo. 1.  Death rate by 5 day periods in Series K, combined death rate 
for Series  L and M, and combined  rate for the three series, during the first epidemic 
period. 
as  the  epidemic proceeded.  The  wave in  Series  K  lagged behind 
Series L and M, and in contrast rose higher and the intervals between 
them became shorter.  The  lag  of Series K  decreased until at  the 
twelfth period the wave of this series was coincident with the smaller 
Series L  and l~f waves. 
The three series were kept intact and without increments for 70 
days after the normal mice had been brought into contact with Series 
K, at which time the epidemic had reached a low ebb.  The total mor- 
tality among the approximately 300 mice in the entire period of 85 
days after the introduction of the new mice was 54 per cent; in Series 
K  62 per cent (56 out of 91); in Series L  40 per cent (38 out of 97); 
and in Series M  61  per cent (59  out of 97). 48  EXPiEI~,rM'ENTAL :EpIDEM-IOLOGY.  II 
The mortality among the added  Series L  and  M  combined was 50 
per cent, while for the same period,  the mortality  in  Series  K  (ex- 
posed from  the  first  to  the  culture-fed  group)  was 62  per cent. 
Comment. 
The  conditions  of  the  experiment  involving  Series K,  L,  and  M 
were similar to those described in the first paper of this series, in which 
first a  sporadic outbreak  of mouse typhoid was started  by bringing 
a small number of mice purposely fed with a  culture of Bacillus typhi 
murium  into  an assemblage of healthy mice;  and  the sporadic inci- 
dence was later fanned into an epidemic outbreak by the introduction 
of fresh groups of healthy mice at a time at which the occasional deaths 
had  practically  ceased.  Hence  the  events  recorded  in  the former 
paper seem not to have been accidental in nature but rather to follow 
a  certain rule. 
The course of the fatalities in the K, L, and M series is a definite one. 
In the first place the distribution  of deaths in the cages was such as 
to point, just as in the earlier experiments, to an early general dissemi- 
nation  of  the  bacillus.  Thus  the  first  fatalities  occurred  in  cages 
remote  from  those  of  the  fed  mice.  But  more  significant  is the 
fact that once the infection appeared among the mice of the L  and M 
series, the number of fatalities not only rose steadily to a maximum, 
but was reflected backward to the K  series in which no further deaths 
were taking place at the time.  The precise manner of the rise in the 
L  and M  series, the exact period of delay in  the K  series induced by 
the occurrences in the former series, and  the final result, or sum total 
of fatalities in each series, are shown graphically in Text-fig.  1. 
To undertake to account for these happenings  is  to  enter,  at the 
moment,  the  realm  of  speculation.  Two  possible  explanations 
present themselves.  According to one it may be supposed that  the 
bacillus of mouse typhoid was whipped into an exalted virulence by 
being  rapidly  passed  from  one  susceptible mouse  to  another  until 
this was so great as not only to reach  a degree of infectivity  greatly 
augmented for the new mice of Series L  and M, but also to increase 
its striking power for the mice of Series K  which, for a 30 day period, 
had  successfully  weathered  exposure  to  the  purposely  fed  mice 
introduced into the midst of that group. ~mou~ L. AMOSS  49 
According to  the  other supposition  the  effects described do  not 
depend primarily on augmentation of pathogenicity but rather  on 
increase  in mass  of  the  bacillus  and  result  not  from virulence so 
much, or alone, as from dosage.  This view involves the conception 
that favorable conditions of growth and multiplication of the bacilli 
in the exposed mice are  the more decisive events.  It would seem 
as  if  these  favoring circumstances did  not  exist in  the  first series 
employed  but did arise subsequently  among the new exposures.  Once, 
however, they were secured, the growth and multiplication became 
such  as  to  overwhelm not  only the new  series  but  also  the  older, 
previously  exposed,  survivors,  among  which  the  death  rate  was 
finally greater than among the new. 
Probably the precise differences in the percentage mortalities are 
not significant.  Series L  and M  were practically homogeneous and 
yet the one (L) gave a mortality of 40, and the other (M) of 61 per 
cent, the latter agreeing almost exactly with that of the K  series. 
Moreover,  according to  this comparison, there  are  no  grounds for 
supposing  that  the  survivors  of  Series  K  by merely having been 
previously exposed were better able to withstand the violence of a 
real epidemic than were the previously unexposed mice of Series L 
and M. 
Hence it may be that the two factors mentioned, namely virulence 
and mass,  are not only of high importance in themselves but also 
subject to such a degree of accurate measurement as to determine the 
potentially effective degree of each.  All these considerations leave 
out of immediate account variation in the host--a factor at present 
not to  be  dealt with. 
Effect of Replacements. 
Eirst Replacement, or R 1.  Experiment 2,--September 9, 1920.  The survivors 
of Series K, L, and M were observed during a period of 115 days at the expiration 
of which deaths took place seldom; during the final period of 7 days, no deaths at 
all occurred.  At this juncture new mice from a healthy stock  ~ were added to 
each cage in numbers replacing the deaths, so that each cage again contained 5 
mice and the total population in the room was recruited to 300.  In order to 
Among the stock of about 3,000 mice from which these mice were taken, there 
occurred 5 deaths from mouse typhoid in 6 months. 50  EXPV.lZlM~I'qT.AI., EPIDEMIOLOGY.  II 
prevent losses from fighting between the old and the new mice, the latter were 
separated from the former by placing a coarse wire screen diagonally in the cage, 
separating it roughly into two compartments.  While the mice themselves were 
thus grossly kept apart, yet they and their excrement came into contact. 
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Death rate by 5 day periods among the old and new mice, and 
combined rate, during the first replacement period. 
The constitution  of the  several series as recruited  was as follows: 
Series K  now consisted of 98 mice, 8 of which 38 were old and 60 new; 
Series L  of 100,  of which 57 were old  and 43  new;  Series M  of 100, 
of  which  27  were  old  and  73  new.  Hence  the  relation  of  old  or 
exposed to new or unexposed mice totalled 122 :  176. 
The new events came quickly.  Within  5 days 17  deaths occurred, 
13  among the  new and  4  among the  old mice.  In the  next 5  days 
s This series was recruited to a total of 100 mice but 2 were killed  in fighting. ~a~o~  I~.  ~oss  51 
there were  13  deaths,  8  among  the new  and  5  among  the  old.  In 
the  third  5  day period  the  deaths  numbered  25,  16  of which  were 
among  the  new  and  9  among  the  old  animals;  while  in  the  fourth 
5  day  period  (20  days  after  the  admixture  of  old  and  new  mice) 
79 deaths occurred,  48  of  which  were  of  new and 31  of old.  This 
constituted  the peak  of  the  epidemic,  after  which  the  death  rate 
fell off sharply. 
These data are presented graphically in Text-fig. 2, from which  it 
will be observed that  the  outbreak proceeded in two  quite  distinct 
waves among the new mice and in a  steadily increasing progression 
among  the  old  mice.  This  replacement,  afterwards  referred  to  as 
R  1, was observed for 65 days, during which a  gross mortality from 
mouse typhoid of 69 per cent, made up of mortality K  86 per cent, 
I, 68 per cent, and M  52 per cent, was noted. 
Agglutinins in ~he Serum of the Survivors. 
The serum  of 56  of the survivors of the  first  replacement  series 
was  tested  9 for agglutinin with Mouse Typhoid II in dilution from 
1"20  to  1:160.  The  serum  from  37,  or  66  per  cent,  partially  ag- 
glutinated the strain in a dilution of 1: 40, and of these, 20 showed com- 
plete agglutination in  1:40 and  2  showed complete agglutination in 
1:160.  The  serum  of  27  of  the  56  mice  showed  no  agglutinin  in 
1:20.  Further  analysis  of the results  shows  that  the  serum  of the 
20  mice  agglutinated  the  strain  completely in  a  dilution  of  1:40, 
9 The blood was collected from the mice by bleeding from the end of the tail. 
The mouse to be bled was placed in a small mailing  case, one end of which was 
perforated and a single hole made in the other cap for the protrusion of the tail. 
The case containing the mouse was held in a clamp over a microscope lamp, the 
heat from which  caused  increased  blood flow to the tail vessels.  The tail was 
wiped with gauze  moistened with 70 per cent alcohol, and after snipping with 
sharp scissors the drops of blood were allowed to flow by capillarity into a small 
bore, 1 cc. pipette graduated in hundredths.  When 0.05 cc. had been collected, 
the end of the pipette was placed in isotonic salt solution and suction applied with 
a syringe until the mixture attained a total volume of 0.5 cc.  The mixture now 
containing I0 per cent blood was delivered immediately into a small agglutination 
tube, mixed thoroughly, and allowed to clot.  The following morning the clear 
fluid containing serum 1:20 was pipetted off with a small bore pipette, a syringe 
being used for suction. 52  EXPER~NTAL  EPIDEMIOLOGY.  II 
while in 36 agglutination was either partial in 1: 40 or absent.  Of the 
former only 1 mouse, and of the latter 8 mice died during the second 
replacement series.  Thus  the  death  rate  among the mice giving 
slight or no evidence of blood agglutinins was four times that noted 
among those possessing blood agglutinins. 
Urinary Carriers. 
Cultures of the urine of the same 56 mice were made on five oc- 
casions  from November 15,  1920,  to January 17,  1921.  35,  or 62 
per cent, were positive one or more times; of these 6 were positive 
during the entire period of 63  days.  The serum of 5  of the 6 per- 
sistent urinary carriers agglutinated Mouse Typhoid II. 
The  results  of the urine cultures and  agglutination  tests on  the 
serum of the 56 mice are shown in Table I. 
TABLE  I. 
Urine Cultures and Serum  Agglutinins  in 56 Survivors of tke First Replacement 
Series. 
No.  Per cent. 
Both agglutination and urine cultures positive ............  25  45 
Agglutination positive,  "  "  negative ...........  12  21 
No agglutination, urine cultures positive .................  10  18 
"  "  "  "  negative ................  6  11 
With these data before us we may now view the relative responses 
of the old or previously exposed and the new or not previously ex- 
posed mice to the impending infection.  The number of old survivors 
which had already passed through an epidemic enduring 85 days and 
of which the total mortality was 58  per cent was 122.  The death 
rate among these surviving animals induced by the new epidemic 
was 66 per cent, while the death rote among the 178 new or previously 
unexposed mice was 71 per cent.  The percentage difference is too 
small to be significant, hence in all respects but  one, namely that the 
new mice began to succumb before the first of the old, the two groups 
behaved in an identical manner.  It is obvious  that in  the  course 
of the second epidemic wave the gross mortality among the older 
mice exceeded that of the first epidemic,  the proportions  being as 
58:71. ~o~  L.  ~oss  53 
Second Replacement,  or R  2.  Experiment 3.--November 9,  1920.  When the 
effects of the first replacement had subsided and no deaths at all occurred in a  5 
day  period, new  mice, previously unexposed,  were  brought  in as in  the  first 
replacement, to recruit the survivors in the three series to a total strength of 300. 
This second replacement was made 60 days after the first.  The actual number of 
new  mice introduced was  228,  distributed as follows: Series K  87, Series L  82, 
Series M  59.  Hence  the proportion of old  survivors  to  new  population  was 
as 72: 228. 
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T~xT-FIo. 3.  Death rate by 5 day periods among the old and new mice, and 
combined rate, during the second replacement period. 
Text-fig. 3  shows that  the  new or R  2 mice began to  die  within 
5 days, and 5 days later, or 10 days Mter the beginning of the experi- 
ment, deaths occurred among the survivors of the preceding epidemic. 
The experiment was allowed to run 75 days, at the expiration of which 
a  total of 113 mice, or 38 per cent, had succumbed.  The mortality 
in Series Kwas 29, L 40, and M 44 per cent, and among the old and the 
new mice it was 37.5 and 37.7 per cent, or virtual identity.  That the 
old mice possessed no advantages over the new is further indicated 
by the patent fact that the number of the new (228)  was approxi- 
mately three times that of the old (72), thus increasing the probability 
of higher attack  rate  among  the  former.  Ultimately  the  factors 
of age and  size  of the host may call for  consideration.  In  those 
respects the surviving old differed materially from the younger and 
smaller new animals. 
Third  Replacement,  or  R  3.  Experiment  4.--January  20,  1921.  The  third 
replacement of 114 new mice to recruit the new series up to 300 was made 75 days 
after the second.  The series additions were almost equal: 66 in K, 65 in L, and 
55 in M.  During the next 60 days the total mortality was 14.3 per cent, distrib- 
uted as regards old and new mice in proportion of 14 (old) to 14.9 (new) per cent. 54  EXPERIMENTAL  EPIDEM_IOLOGY.  II 
This experiment was permitted to  continue without interruption 
or modification for a period of 95 days, and it is worth while following 
the particular events which transpired.  But first a  few words  are 
needed about the nature of the population composing the experiment. 
As is evident, the population is made up of mice  of  very different 
grades of exposure to mouse typhoid, since there have accumulated 
within  it  all  the  survivors  of  previous  epidemics  extending  from 
May 20,  1920, of the first lot exposed, to January 20,  1921, when the 
third  replacement was made.  As  Table  II  shows,  the number of 
survivors of each replacement grows progressively smaller with each 
succeeding epidemic.  Thus  at  the  time  of  the  third  replacement 
period, what may be termed the combustible material consisted largely 
TABLE  II, 
Distribution of Deaths According to Period of Introduction during the First 60 Days 
of the Third Replacement Period. 
No. of mice present  ....................... 
Deaths during first 60 days of Period R  3... 
Death rate, per cent  ....................... 
Survivors at 60th day of Period R  3 ......... 
Period of introduction of mice. 
First  I  First re-  ] Second re-  } Third re- 
epidemic  I placement  ] placement  placement 
(g).  (gl).  I  (R2).  .  (R3). 
14  I  30  I  142  j  114 
1  2  21  17 
7  7  15  15 
13  28  121  97 
of the mice of the R  2 period.  At the beginning of the R  3  period 
there  were  14  mice  remaining  from  the  R  period  (first  epidemic 
period), 30 from the R  1 period (first replacement), and 142 from the 
R  2  period.  Reference to  Table  I  shows  that  the mortality rate 
among the mice remaining from the R  2  period and  the new mice 
was the same (15 per cent in each instance) and twice the rate ob- 
served (7 per cent) among the mice remaining from the R  and R  1 
periods. 
The events referred to may be summarized as follows:  From the 
25th  to  the 60th day,  only an occasional death occurred in any of 
the series; for example, in Series K  no death for 18 days; in Series L 
none for 29 days; in Series M  none for 10 days.  But at about the 
60th day the deaths had reached epidemic porportions.  This wave, HAROLD L.  ~oss  55 
as it may be termed, was not induced intentionally but arose in the 
manner of similar waves in so called spontaneous epidemic outbreaks. 
Its duration was about 30 days, during which  73  (28  per  cent)  of 
259  surviving mice after the first effect of the replacement subsided 
had  succumbed.  The  distribution  of  deaths  during  this  time, 
according to the period at which the mice were introduced, is given 
TABLE  III. 
Distribution of Deaths According to Period of Introduction from the 60th to the 96th 
Days  of the Third Replacement Period. 
No. of mice present at 60th day  ............. 
Deaths from 60th to 96th days ............ 
Death rate, per cent ....................... 
Survivors  ................................ 
Period of introduction of mice. 
First  I First re-  I Second re-  (  Third re- 
epidemic  ]  placement J placement J placement 
(R).  (R 1).  (R 2). 
13  I  281121  I  97 
0  4  I  35  34 
0  J  ,4  I  ~9  I  35 
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TExT-FIG. 4.  Death rate by 5 day periods among the old and new mice, and 
combined rate, during the third replacement period. 
in Table III.  The death rate varied roughly inversely as the length 
of time the mice had been previously exposed.  This higher mortality 
of 28 per cent is to be contrasted with the lower 14 per cent induced 
immediately by the repacement.  The total mortality arising during 
the 96  days of the  continuance of the experiment involved  114  of 
300 mice, or 38 per cent.  The death rate for each 5  day period is 
shown in Text-fig. 4. 56  EXPER!M-E.NTAL  EPIDEM_IOLOGY.  II 
Fourth to Tenth Replacements.  Experiment 5.--From this point on small addi- 
tions of new mice were made to the cages and the effects noted.  They will not 
all be recorded in detail although  the general effect of the new  additions was 
deaths first among the new and then among the old.  Table IV gives the size of 
each accretion and the mortality attached to each replacement group. 
The  death  rate  among the new mice was always in excess  of  that 
among  the  old.  In  short  periods  this  is  to  be  expected  from  the 
general  rule  that  the  new  mice  succumb  first.  In  the  table,  mice 
surviving  an  exposure of  6  to  15  days  are  regarded  thenceforth  as 
old  mice,  whereas  strictly  speaking  they  are  neither  old  nor  new. 
Our impression is  that  mice  exposed  to  an  epidemic  over 30  days 
are  to be regarded as old. 
TABLE IV. 
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The general effect of the addition  of the  new mice is  to maintain 
the  death  rate,  as  Topley has  shown.  The  wave-like  character  of 
the fluctuations is evident from Text-fig. 5.  The highest rates among 
the new mice are recorded in the sixth and ninth replacement periods; 
the interval between the beginning of the frequent replacement series 
and  the sixth  is  36  days,  and  between  the  sixth  and  the  ninth  is 
likewise  36  days. 
Eleventh Replacement,  or R  11.  Experiment 6.--The effect of the addition of 
30 new mice to the 227 old mice of the tenth replacement was negligible, as during 
10 days only 1 mouse died; however, within the same time 13 of the old mice suc- 
cumbed to mouse typhoid.  At this point, July 15, 1921, what will be called  the 
eleventh replacement was begun.  At the time there were 62 cages in the mouse SAP.OLD  L.  AMOSS  57 
village containing 183 mice.  Each cage was recruited up to its normal content of 
5 animals, thus giving a total population of 310 mice, of which 183 were old and 
127 new.  The death rate rose sharply among the new mice, and this was suc- 
ceeded,  after an interval of 5 days, by a rise among the old.  The higher death 
rate among the new mice ceased at the 25th day, but later continued at about the 
same low level as that among the old during the succeeding 50 days (Text-fig. 6). 
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TEx¢-FIo. 5.  Death rate by 5 day periods among the old and new mice during 
the  fourth  to  tenth replacement periods,  inclusive. 
per cent and the old 29 per cent, or as expressed in a proportion of old and new 
mice succumbing 52:40. 
Twelfth Replacement, or R 12.  Experiment 7.--October 18, 1921.  The twelfth 
or final replacement was made in such a manner as to give thebacilli  ample oppor- 
tunity to infect new normal mice by retaining a  small number of old mice and 
supplying five times as many new.  All of the old mice in SeriesL and M, and all 
but 61 of Series K were discarded.  To the latter there were added 54 new normal 
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replaced by new mice,  100 in each.  The three new series, K, L, and M, were 
now brought together in their usual order.  The total number of mice was now 
315, of which 254 were new and 61  old remaining from Series K.  The ratio of 
old to new was about 1:4.  The series was kept under observation for 60 days 
with  the  following results. 
2  new mice were killed  in  fighting  on  the  1st  day,  reducing Series K  to 
113.  The  total  number  dying  of  mouse  typhoid  infection  was  18.  Mouse 
Typhoid II (the epidemic strain) was isolated from 12, and Mouse Typhoid I was 
isolated from 6.  Of the latter, 3 were replacement or new mice. 
8  I  I  I  I 
6  ~'~  i  "\~  .....  New 
i  .,x  \  .,.,.~  ~  ......." ' 
2--  ..... '  -'"  "~"  ;  ,.  "'~,  /  /  "" ~,,.., 
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TEXT-FIG. 6.  Death rate by 5 day periods among the old and new mice during 
the eleventh replacement period. 
TABLE  V. 
Deaths  among  Old and  New M~ce during  the Eleventh  and  Twelfth Replacement 
Periods. 
Total No.  Deaths during period.  Duration  of mice at 
Period.  of period,  beginning  Old mice.  New mice. 
of period,  i 01d mice.  Per cent.  Newmlce.  Per cent. 
days 
i1  75  310  183  127  52  29  40  31 
12  60  313  61  252  12  20  24  9 
The total mortality due to Mouse Typhoid II was therefore 12 out of 113,  or 
11 per cent, as follows:  9  deaths, or 15 per cent, among the 61  old mice,  and 
3, or 6 per cent, among the 52 new mice. 
Among the 200 mice, all new, in Series L  and M, the mortality was I0 and 7 
per cent respectively.  Mouse Typhoid II was isolated in each instance.  The 
replacement and  death figures of Periods  II  and  12  are shown in Table V, 
The  failure of  the  addition  of new mice  to bring about  the  usual 
response  is  doubtless  to  be  explained  by  the  fact  that  the  bacilli 
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The deaths due to Mouse Typhoid I  call for some explanation.  In 
the preceding series this strain was occasionally isolated,  so that it 
was known to us that it had come in, probably, through stock mice. 
It is to be supposed that among the 61  old mice taken from Series 
K  there were some  carriers  of  Mouse  Typhoid I,  and that it was 
transferred  to  the new  mice  added.  However,  the  infection  did 
not spread to the new mice in Series L  and M, us Mouse Typhoid II 
was isolated from each mouse dying in these two series. 
The cultures of the spleens from 30 of the mice dying in the twelfth 
replacement were plated,  and  from each plate  from ten  to  fifteen 
colonies were picked.  Of the 400 cultures thus obtained, all belonged 
to Mouse Typhoid II  as shown by agglutination with monovalent 
antiserum. 
Mouse Typhoid Carriers. 
On  September  23,  1921,  the  total  number of surviving mice of 
Series  K,  L,  and  IV[  of the  eleventh replacement period  was  208, 
distributed as follows: Series  K  79; Series  L  70; Series  M  69.  To 
them calomel and castor oil were administered, mixed with food so 
that each mouse received approximately 4 rag. of calomel and 1 cc. 
of castor oil.  The next day portions of the loose stools were easily 
collected on a  platinum loop and cultured.  Fourteen positive cul- 
tures  of bacilli  belonging  to  the  Salmonella group  were  obtained. 
Of the colonies subcultured and tested for agglutination,  only one 
reacted positively with the antiserum of Mouse Typhoid II.  The 
remaining thirteen were not identified immunologically.  This result 
is reported for two reasons, first, as again indicating the occurrence 
of members of  the  Salmonella group  in  the intestinal  contents of 
so called normal mice, and second, that the detection of carriers of 
any particular Salmonella organism used for experiment cannot be 
based  on  cultural properties  alone.  Since only  five  colonies  were 
picked from each plate, it is possible, of course, that the subculturing 
of many colonies from the stools of the mice found to be positive for 
Bacillus typhi murium might have yielded  organisms agreeing immtm- 
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Immunity. 
In a study conducted concurrently with certain of the observations 
presented in this paper Webster  1°  found that mice which had been 
fed sublethal doses of cultures of Bacillus typhi murium were rendered 
resistant  or immune to  doses per  os  of the living  culture  fatal  to 
control  mice.  This  state  of  increased  resistance  depended  not 
on local conditions in the intestine but on a general state of immuniza- 
tion attended by the appearance of agglutinins in the blood.  It is 
well known  that  mice may be  protected,  at  least  partially,  from 
parenteral inoculations of the bacillus of mouse typhoid by the in- 
jection of killed cultures, and in view of the general immunization 
thus induced and arising from the ingestion of the bacilli under con- 
ditions  not  leading  to  death  from mouse  typhoid,  it  was  deemed 
desirable to test the survivors of certain of the replacement series with 
lethal  doses  of Bacillus  typhi murium  injected  intraperitoneally. 
Experiment 8.--September 29, 1921.  The survivors of the various replacement 
series L  and M, including all periods except R  3, were chosen for the purpose. 
They numbered in all 128 mice which had been exposed to mouse typhoid from 2 
to 18 months before and continued to live in the presumably contaminated sur- 
roundings.  As controls for this series were taken  10 mice which had been fed 
4 months previously on pure-line strains of B. typhi muriurn II without showing 
any effects or suffering any fatalities, and 40 contact mice in the same series (Q) 
in which no deaths occurred.  2 
Each mouse received an intraperitoneai injection of 1 cc. of salt solution con- 
taining 1:10,000 of an  18 hour agar slant culture of Mouse Typhoid II.  This 
strain had been injected intraperitoneally into mice and recovered twenty-four 
times, and in doses of 1:30,000  to  1:10,000  regularly caused death of all mace 
within 200 hours. 
All mice in the test except the 10 fed mice were obviously ill within a  short 
time after injection.  The  results are shown  in  Table VI. 
The results were decisive and indicate that the surviving exposed 
mice either have not acquired increased resistance to Bacillus typhi 
murium  or  do  not  show  it  by  this  method  of  testing.  Judging 
from the manner of spread  of  mouse  typhoid  in  the  replacement 
experiments  from  the  new  to  the  old  mice,  of  which some had 
passed  through several  successive  outbreaks,  our  inference is  that 
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no definite protection  n is accomplished by long survival in epidemics. 
However, protection was  conferred on the  10 mice which had  re- 
ceived large numbers of living bacilli with  milk. 
TABLE  VI. 
Rezults of Intraperitoneal Injection  of 1:10,000 of an 18 Hour Agar Slant Culture 
of Mouse Typkoid into Mice Surviving Epidemic Periods R  to R  11. 
No, dead  Per cent dead.  Mice,  No. injected,  at 18th day, 
Survivom of epidemic periods R  to R  11 ....  128  108  84 
Controls ................................  40  30  75 
Mice previously given large doses of viable 
~agle ~  strain A by mouth .............  10  0  0 
DISCUSSION. 
The results presented in this paper as well as in the first article' 
of this series can be reproduced regularly under the conditions of the 
experiments, and thus constitute a succession of events to which the 
term rule may be applied. 
It is perhaps desirable to  restate in brief  just what  the  events 
are which have in common the feature of the exposure of successive 
batches of mice to a  disease, mouse typhoid, initiated purposely in 
a  small number of animals through the ingestion of living mouse 
typhoid bacilli. 
In three separate  and distinct experimental  attempts  to induce 
outbreaks of mouse typhoid resembling the epidemic spreads some- 
times witnessed in breeding stocks and  thus  spoken of as  arising 
spontaneously, the course of the disease produced was of the nature 
of a sporadic prevalence.  That this preliminary outbreak of disease 
was of this kind is shown not only by the number of mice dying of it 
but also by the number of cages attacked. 
Once, however, this state of sporadic occurrence of mouse typhoid 
is inaugurated among a mouse population, all  that appears necessary 
in order to convert the  occasional deaths with low  cage  attack rate 
n  Agglutination tests were  not  made.  It is probable that  some of  the mice 
po~essed blood agglutinins, as it is recalled that in 66 per cent of the tested sur- 
vivors  of  the  first  replacement,  the  serum  agglutinated  the  epidemic  strain. 62  EXPE~ rM~.NTAL  EPIDEMIOLOG¥.  IX 
into frequent deaths  with  high  cage  attack  rate,  is  to bring into 
contiguous relation with the infected population increments of new 
and healthy mice not previously exposed to the disease. 
The  particular manner in which the sporadic instances of mouse 
typhoid arise  indicates  that  very  soon  a  wide  distribution of  the 
bacillary incitant takes place in spite of which the fatalities and the 
cage attack rate remain low. 
The sporadic variety of prevalence is soon over.  Just what might 
have taken place  subsequently in  these lots of mice, had nothing 
further been attempted, was not determined.  No extended obser- 
vations were made on the survivors, duly segregated, of these pre- 
liminary feeding experiments.  It  can,  however, be  surmised that 
under ordinary conditions additional mice would gradually have been 
added to the population through new births which, in turn, may have 
become infected, thus reinstating active infection. 
But  what  is  definite  and  significant is  the  fact  that  once  the 
sporadic deaths have ceased, the bringing into this population of new 
lots of mice, which do not mingle directly with the old, suffices  to 
provide the conditions favorable to a wide and even violent outbreak 
of mouse typhoid, as shown by the fatalities resulting. 
The second  epidemic spread,  or  new,  in  respect  to  its relative 
severity  and  in  contrast  to  the  sporadic  occurrences,  invariably 
progresses in a certain order.  After an interval of about 5 days the 
new mice begin to succumb, the number of deaths and the proportion 
of cages attacked rising day by day.  During the first period in which 
the new mice fall victims to the infection, the previously exposed or 
old mice do not show an increased death rate.  But  from the 10th 
to the 20th day following the addition of the new mice and hence the 
5th to the 15th day after the new mice begin to succumb, the old 
mice are drawn into the wave of fatality with results varying some- 
what in the different experiments but in which the old mice finally 
suffer a mortality to an equal, greater, or less degree. 
The epidemic spread of the infection, as indicated by the deaths, 
tends to subside, and even to disappear entirely, before all, sometimes 
after only a  small part,  of the exposed mice have been destroyed. 
A tendency which is obvious in all the experiments is for the estab- 
lishment of a  state of equilibrium between the surviving mice and HaXO~  L.  a~oss  63 
the infecting bacillus.  This equilibrium is  overcome by the intro- 
duction of fresh infectible mouse material, resulting in an outbreak 
of  mouse  typhoid.  The  undulations,  or  epidemic  waves,  of  the 
disease thus induced in  the  different replacements are remarkably 
uniform.  The cessation of the undulation, as indicated by the deaths 
TABLE  VII. 
Number  of  Mice from  Preceding Periods Li~ing  at  tke  Time  of  the  Twelftk 
Replacement Period. 













































*Replacements 4 to 10 covered short periods of 6 to I5 days each.  The total 
period covered by these seven replacements was 82 days. 
is not abrupt but gradual, although the late fatalities may not be due 
to delayed infection so much as to protracted illness and long survival. 
The experiments show definitely that mice which have weathered 
the storm  of the epidemic in  the sense  of having passed,  without 
succumbing, through one or more violent outbreaks of the disease, 
are not insured against eventual fatal attack.  This fact is brought 
out in Table VII, which shows  that as  successive epidemic waves 
pass  over  the  always changing population,  the  old  or  previously 
exposed mice tend ultimately to be wholly wiped out. 
In due time the precise conditions concerned in the conversion of 
the incipient and sporadic into epidemic spreads of disease will need 
to be considered narrowly.  We have learned in respect to the enteric 
infection mouse typhoid how the one may be turned into the other 64  EXPERIMENTAL  EPIDEM.IOLOGY.  II 
and  that  the epidemic outbreaks are always, as it were, frustrated 
before all the available infectible material is consumed. 
Obviously there are two outstanding factors which affect and deter- 
mine the state of the microbic incitant in its relation  to  the host: 
the one relates to the quality or virulence, so called, the other to the 
quantity or number.  Hitherto it has been the virulence factor that 
has been most considered and invoked to account for the wave-like 
movement of epidemic disease.  This fact will appear prominently 
in the brief review of the literature which is to follow.  The second 
or qua~atity factor has been much less discussed.  As pointed out in 
the body of this paper, we believe that it cannot well be disregarded. 
Perhaps the disease mouse  typhoid  may provide  favorable experi- 
mental  materials  for  just  this  study.  Our  experiments  show 
decisively  that  immediacy of  contact  is  by  no means a  necessary 
condition for the wide diffusion of the  microbic incitant of mouse 
typhoid among a  mouse population  maintained in small segregated 
groups;  and  this  fact  is  emphasized  also by  the  occurrences 
of  the  spontaneous  epidemic  described  by  Lynch.  1  The  mere 
rapidity of the fluctuation of the curve of the death rate in the re- 
placement experiments either indicates that the virulence factor is 
highly unstable, or that some other attending condition acts to modify 
or control the results as measured by infection and death. 
Thus far attention has centered on the factors affecting the micro- 
bic incitant, while those which may be presented by variation in the 
host have yet to be considered.  Difficult as may be the unravelling 
of the former, for which certain methods possibly are at hand,  the 
other has been regarded next to insuperable.  Aside from choosing 
a  stock roughly homogeneous and  covering the matter of size and 
age, nothing has been attempted as regards  the host.  In  a  recent 
study  ~  of  tuberculous  infection in  guinea p'~g~ an effort has  been 
made to obtain values for certain hereditary qualities,  an aspect of 
the problem of infection in mouse typhoid capable of l~reatment. 
The  relation  of the  carrier state  to  the host  awaits elucidation. 
That carriers arise among the exposed-mice which do not  succumb 
early  is  demonstrated.  Experience  indicates  that  the  detection 
Wright, S., and Lewis P. A., Am, Naturalist,  1921, Iv, 20. aa_gonD  r..  ~oss  65 
of carriers is determinable not by cultivation tests alone but chiefly 
through the reactions of immunity.  Without the latter, error readily 
creeps  into  the  results  because  of  the  presence  in  the  intestine  of 
apparently normal mice, of members of the broad group of organisms 
embraced under the loose term of mouse typhoid bacilli. 1°  Webster's 
experiments show  that  the purposive introduction  of living or even 
killed mouse typhoid bacilli into the intestines of normal mice, under 
proper  conditions,  leads  to  an  immunization  sufficing  to  prevent 
infection  from  otherwise  fatal  infecting  doses of  cultures  for  such 
mice.  This  state  of immunity is general  in  the  sense  that specific 
agglutinating  bodies  are  demonstrable  in  the  blood,  and  the  im- 
munized mice resist not only intrastomachic but also intraperitoneal 
injections  of the  living bacilli. 
Review of the Literature. 
The possibility of employing artificial epidemics among small rodents for the 
study of the spread of infection should date from the experiments of Danysz,  TM 
published in  1900.  As will be recalled,  he endeavored to exterminate rodents, 
rats especially, on a  large scale through the employment of living cultures of a 
bacillus belonging to the so called  mouse typhoid group.  The method did not 
really succeed.  The reasons for the failure are now apparent and, in the main, 
arise first from the rapid loss of infecting power or virulence of the cultures, and 
second from the circumstance that the bacillus as it occurs in the rat cadaver is 
less  infective than  at  the moment infection takes place.  Hence the devouring 
of the cadavers by their living companions arrests rather than propagates the dis- 
ease.  These unsuccessful  results were foreshadowed by laboratory studies made 
by Danysz, who found that no matter how highly active the cultures were at the 
outset, their power of infection by feeding did not extend beyond a very few pass- 
ages.  Danysz' conclusions  may be stated as follows: 
Cultures may be enhanced so that they will induce fatal infection on ingestion, 
but the increased activity will not endure beyond the third or fourth passage; 
exposure of a group of non-infected mice to a small number of mice purposely fed 
on a virulent culture will induce fatal infection in most but not in all of the former. 
The few survivors succumb to a later direct feeding  of culture of average viru- 
lence.  Cultures enhanced by organ and blood passages suffer concomitant dimin- 
ished activity when administered per os.  Cultures obtained from the blood and 
organs in the incubation stage of infection are more virulent than when derived 
is Danysz, J., Ann. Inst. Pasteur, 1900, xiv, 193. 66  EXPERI~NTAL  EPIDEM_IOLOGY.  II 
from cadavers.  Resistance or susceptibility to infection among small rodents is 
affected by race and age, and even by individual peculiarities. 
Later, Bainbridge  14 noted  that a spontaneous epidemic among wild  rats kept 
under experimental conditions may lead to the death of all, and as the conditions 
approach those of nature, the death rate becomes less.  The percentage of deaths 
noted by Bainbridge was not affected by the number of rats devoured, and he 
considered the rat  to possess a  preexisting  immunity which arises  through the 
occurrence of spontaneous epidemics among those animals.  In support of this 
view, rats surviving the feeding of cultures were found to carry agglutinating prop- 
erties in their blood for the bacilli used. 
The conditions favoring the perpetuation of the pathogenic proclivities of the 
mouse typhoid bacilli have been investigated recently by Topley.  He has utilized 
his material, as we had planned to use ours, in an endeavor to penetrate into the 
hidden recesses  of epidemiology.  He  repeated  Danysz'  experiments, which he 
confirmed, but he went beyond the latter in acting on the supposition that the 
consumption of food soiled by excreta may be a more common and effective mode 
of infection than  the devouring of cadavers carrying already depressed bacilli. 
From the first, Topley  15 looked upon the spread of epidemics and their rise and 
fall as having to do primarily and essentially with the infecting power of the in- 
citing microbe.  The rapid  fluctuations  of the  mouse  typhoid bacillus  in  this 
regard seemed to provide the needed explanation of the failure  to presage epi- 
demics among mice.  He sought to supply the needed conditions by starting an 
epidemic through feeding and then adding, in a large cage, daily small complements 
of normal mice, in order, through passage, to keep the bacilli alive and actively 
infective.  In this way the tendency for the disease, once started, to cease abruptly 
was  overcome, and  the  infection would proceed in  regularly  recurring  waves, 
apparently without  time limit.  He further observed that  the deaths  occur in 
large groups with intervals between, during which the deaths are few or far be- 
tween.  He distinguished  two phases  according to which  the new mice added 
tended to succumb or survive, and these phases are the rise of a wave when infec- 
tion is likely to occur and its fall when it is likely to fail.  Finally, he noted that 
mice which have passed successfully through one epidemic wave may succumb to 
a later one, and an infected population to which no additions are made will outlive 
one into which fresh mice are brought,  while  the ultimate  survivors have not 
escaped infection and a considerable part has become carriers.  A substitution of 
strains  took place during  Topley's experiments  as in  ours.  lie  began with  a 
strain of G~irtner's bacillus, but as his experiments progressed a second organism, 
identified as belonging to the suipestifer group, intervened.  Subsequently strains 
14Bainbridge, F. A., J. Path. and Bact.,  1909, xiii,  443. 
15 Topley, W. W. C., J. Hyg.,  1920-21, xix,  350. HAROLD L.  A~OSS  67 
of Giirtner's bacillus, or of this second organism, or both together, were obtained 
from the great majority of the dead animals examined.  16 
In a second communication  1  v the outbreak of an epidemic  among a normal stock, 
probably through accidental spread from cages with infected mice, is described. 
Not all the exposed mice succumbed and the deduction made was that the infec- 
tion was not of "uniform intensity, passed from a healthy carrier to one or more 
susceptible individuals, but that some process is set in motion, which results in 
an increase in the infectivity of the parasite, this in its  turn giving rise to a  fresh 
wave of mortality among  the cage population." 
Topley's experiments were arranged to achieve the greatest likeli- 
hood of infection occurring by providing the greatest possible con- 
centration of contaminated materials; namely, dejecta carrying the 
bacilli or cadavers devoured by their companions.  Our experiments 
were long  under way before Topley's main publications appeared 
in  1921.  We had in mind not the providing of optimal conditions 
for infection to take place in mice, but the imitation, if only roughly, 
of those occurring naturally in man and  in  laboratory animals,  in 
connection with which epidemics of disease occur. 
1.  A kind of mouse Village was set up into which was introduced 
a small number of mice fed on a culture of so called mouse typhoid 
(Bacillus pestis ca~i~ of the Bacillus paralyphosus B group) bacillus. 
The spread of the infection so induced to the cages, or "homes," of 
the other mice was left to accident through the attendant who fed 
the animals and cleaned the cages.  That this means was likely to 
be  sufficient was deduced from the epidemic reported by  Lynch.  t 
A spot map was kept throughout the experiments which extended 
from 1919 into 1922. 
2.  The  first  effect of  the  exposure  of  normal mice  to  a  much 
smaller number of mice fed on the culture is to set up a  sporadic, 
le Topley and his coworkers (Topley, W.  W.  C.,  Weir, H.  B., and Wilson, 
G.  S.,  ].  Hyg.,  1921,  xx,  227)  have studied these two  organisms serologically, 
along with  other  related bacilli, and  suggest  that  the  relations between  the 
G~.rtner's bacillus  and  B.  suipestifer  group  of  organisms is so  close that  for 
purposes of classification and nomenclature the name of B. enteritidis may, for 
convenience, be applied to the whole group. 
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not  an epidemic outbreak of mouse typhoid.  This is the  regularly 
recurring incident of the experiment as shown by low mortality and 
low cage attack rate.  Such a  sporadic prevalence is self-limited in 
time. 
3.  The  introduction  of  fresh,  normal  mice  into  a  community  in 
which sporadic deaths are occurring leads regularly, not to the further 
extension of the sporadic deaths, but to an epidemic spread, as shown 
by high mortality and high  cage attack rate.  The epidemic begins 
with deaths among the new mice, but extends to the old mice which 
succumb later.  The spread ceases and the wave subsides before all 
the mice have succumbed.  A  state of equilibrium  between the in- 
fecting bacillus  and  the surviving mice is reached;  no more deaths 
occur.  The epidemic outbreak, therefore, is also self-limited in time. 
4.  If, now, another  new addition of normal mice is brought  into 
the potentially infected community, the events are reenacted; deaths 
occur  among  the  new,  another  epidemic  wave  sweeps  through 
the  population,  again  claiming  victims  among  the  previous  sur- 
vivors. Is  Through the replacement of the destroyed mice with fresh, 
normal  mice,  epidemic  wave after  wave is  produced,  until  certain 
groups of old survivors are entirely wiped out.  There seems to be 
no limit to this process, as there will always be survivors at least of 
the later groups added. 
5.  The dying down of the epidemics and the attaining of the equilib- 
rium  do  not  mean  the  elimination  of  all  the  bacilli.  Potential 
infection  still  lurks  in  mouse  "carriers"  and  on  the  hands  of  the 
attendant.  No successful method of completely removing the bacilli 
from  the hands  of the  attendant  was  found. 
6.  The  maintaining  of  the  epidemic  waves is  dependent  on  the 
presence  of  new  lots  of  mice,  whether  supplied  from  without  or 
produced within through new births.  It is the latter sources which 
provide the consumable material  in such natural  epidemics as that 
described by Lynch.  1  Hence their  slower movements as compared 
with the epidemic spreads and rise and fall of the epidemic waves in 
the artificially propagated instances in which new batches of mice are 
brought into the village in bimonthly intervals. 
is In the third replacement period a rise in death rate constituting a small epi- 
demic occurred after the 60th day and independent of the addition of new mice. 
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7.  The evidence at hand is to the effect that the degree of infec- 
tivity of" mouse typhoid" bacilli is highly fluctuating, and it appears 
that all the bacilli which are included under that name, classed var- 
iously as Bacillus enteritidis,  G~rtner's bacillus, Bacillus paratyphosus 
B, Bacillus suipestifer,  and Bacilhs pestis cavice, infect mice in a sim- 
ilar,  possibly  indistinguishable  manner,  inducing  self-limited  out- 
breaks  of  disease  reaching  at  times  epidemic  proportions.  This 
quality of infectivity, or virulence, is one factor in the process but 
alone does not suffice to  account for the observed facts.  A second 
influence is not improbably quantity, or dosage, of the inciting micro- 
organism.  Attention to  the manner of spread  of  an  epidemc,  as 
revealed graphically by the spot map, shows that it is never uniform 
but patchy.  The supposition is, therefore, that among the new mice 
are  certain  individuals  so  highly  susceptible  as  to react to small 
numbers  of  bacilli  of  average  infectivity.  Within  these  animals 
the multiplication is  rapid,  so that a  wider spread of much larger 
amounts  of  these  average,  or  even  temporarily  enhanced  bacilli 
takes  place  with  the  inevitable  effect of  communicating,  through 
greater dosage, etc., the infection to other and less susceptible indi- 
viduals among the new and  also  the older lots.  This process con- 
tinues so long as rapid multiplication can occur.  This latter is, in 
turn, determined by the innate tendency of the bacilli to return to an 
average of infectivity and by mouse individuals of greater resistance 
to restrict free growth and multiplication.  In this manner, possibly, 
the epidemic spread is  checked and  the  curve representing it made 
to fall more or less quickly to a base-line. 